Cholera is caused by Vibrio cholerae strains belonging to two serogroups, O1 and O139, based on their LPS structure. Serogroup O1, which is responsible for the seventh cholera pandemic, is divided into three serotypes, Inaba, Ogawa and Hikojima (1). In the year 2002, World Health Organization (WHO) estimated that over 220,000 people were stricken with cholera each year. Natural infection and currently available vaccines offer incomplete protection of relatively short duration. The long-term control of cholera depends on good personal hygiene, uncontaminated water supply and appropriate sewage disposal. However, the improvement of hygiene is a distant goal for many countries. Thus, the availability of an effective cholera vaccine is important for the prevention of cholera in these countries. The only vaccines recommended from WHO for massive immunization of population in cholera epidemic regions is WC/rBS per oral cell vaccines. The vaccines CVD 103-HgR is used mainly for immunization of people who travel in cholera epidemic regions.
The new method in design of vaccines for Gram-negative bacteria is trough synthesis of glycoconjugates structures. The concept of the conjugates is linking the polysaccharides from bacteria with protein carrier. Immune response to conjugates with sugar ligand can be MHC-I/ T-dependent or T-independent (7) . It is to be expected that T-dependent carbohydrate antigens with peptide carriers to induce T-dependant humoral immunity towards carbohydrate determinants. Development of glycoconjugate vaccines is expected to provide protection from other human bacterial pathogens with the utilization of capsular polysaccharides, LPS oligosaccharides and other carbohydrate determinants (8) .
The new method in the synthesis, linkage and use of new protein carriers and better characterization of the conjugate vaccines will allow understanding of the mechanism of induction of immunity and will help in the rational design of high immunogenic and efficient vaccines.
Study design
The chosen model of design for synthesis of glycoconjugate immunogens is trough conjugation of carbohydrate component of bacterial lipopolysaccharide from Vibrio cholerae 01 serotype Inaba with two different protein carriers. This design should provide production of immunogenic molecule with carbohydrate antigen determinant and peptide hapten carrier. LPS as main bacterial antigen determinant with immunogenic characteristics will be used for synthesis of glycoconjugates. Because of the high toxicity of lipopolysaccharide molecule, detoxification for elimination of the toxic Lipid A is done with acetic and hydrazine hydrolysis of the LPS. The obtained oligosaccharides will still have immunogenic characteristics of the LPS (9, 10) . For multiple points linkage between carbohydrate and protein molecule adipic acid derivatization is used (11) . Bacterial B-subunit of cholera toxin (CT-B) and bovine serum albumin (BSA) are chosen as protein carriers. Cholera toxin is strong virulent determinant with antigenic characteristic, and with adjuvant properties in the conjugate. The use of B-subunit is because of its nontoxicity and adherent character. BSA is neutral antigen protein in the design concept of the glycoconjugates, and a hapten carrier (12) .
The linker used for conjugation should provide separation of the two main glycoconjugate components, making them available for recognition and interaction with the elements of the immune system. With carboimide conjugation and use 1-etil-3, 3-dimetilaminopropil carboimid (EDC) this need is accomplished. EDC conjugation is very effective one step method for production of a large number of peptide-carrier immunogens (13 (14) . Cationisation is done with 1,8 g EDC on 5 g native BSA with addition of 350 ml a.d. and mixed for 2 hours. The reaction is stopped with addition of 30 ml acetic buffer. The product is dialyzed for 70 hours, lyophilised and named cationic BSA (cBSA). The protein carrier CT-B is used in its native form.
Detoxification of oligosaccharides. -LPS was detoxified by two methods. For acid hydrolysis 10 mg of LPS was suspended in 10 ml of 1% acetic acid, and was heated at 100°C for 90 min. The reaction mixture was ultracentrifuged (60,000 rpm, 10°C, 5 h), dialyzed against water and passed through a sterile 0.25-µm pore-size membrane and freeze dried. The product was designated as O-SP and stored at -20°C. For hydrazine hydrolysis, LPS 800 mg was suspended in 80 ml of anhydrous hydrazine and placed in a 37°C water bath for 2 h with stirring. The resultant precipitate was washed with cold 90% acetone, centrifuged (35,000 rpm, 10°C, 5 h), and passed through a 2.5-by 50-cm column of G-50 Sephadex in pyrogen-free water; the void volume fractions were sterile filtered through a 0.25-µm poresize membrane and freeze dried. The product was designated as deacylated LPS (DeA-LPS) and stored at -20°C.
Derivatisation of oligosaccharides. -O-SP and DeA-LPS (10 mg/ml) activated at pH 10.5 with CNBr and bound to adipic acid dihydrazide (ADH) at pH 8.5 were designated as O-SP-ADH and DeA-LPS-ADH, respectively. The extent of derivatization was determined by 2,4,6-trinitrobenzene sulfonic acid assay (Pierce, Rockford, Ill.) using ADH as a standard.
Conjugation of oligosaccharides with protein carriers.
-cBSA or CT-B were mixed with OS-P-LPS-ADH and DeA-LPS-ADH in pyrogen-free saline in equal weight, and 450 mg of 1-ethyl-3-3-dimethylaminopropyl carbodiimide was added. The reaction mixture was maintained at pH 5.5 to 5.7 for 2 h and passed through a 2.5-by 90-cm column of G-50 Sephadex in 0.2 M NaCl-0.005 M sodium phosphate (pH 7.3). Fractions containing protein and polysaccharide were pooled, thimerosal was added to 0.01%, and the preparations were sterile filtered and designated as O-SP-cBSA and DeA-LPS -cBSA conjugates with cBSA as carrier, and O-SP-CT-B and DeA-LPS -CT-B conjugates with CT-B as carrier, respectively.
Determination of physical and chemical characteristics of conjugates
Using electrophoretic separation with PAGE-SDS, glycoprotein detection of the carbohydrate parts of the conjugate and determination of the free unbound oligosaccharides with thin layer chromatography, characterization of the chemical and physical characteristics of the glycoconjugates was done.
SDS-PAGE analysis: LPS, oligosaccharides and synthesized conjugates (in concentration 50 mg proteins per well) were analysed using polyacrylamide gel-electrophoresis in sodium-dodecyl sulfate (PAGE-SDS) on a 10-15% running gel and a 4% stacking gel (Bio-Rad). Conditions for PAGE-SDS were standard (start:100-200V 4 o C, final:200-300V 12-14 o C). Synthesized glycoconjugates after PAGE-SDS were visualized with two staining methods with different sensitivity and affinity to protein and carbohydrate components of the conjugates. Coomassie brilliant blue has high affinity and microgram detection to proteins but highly glucolised proteins are hard to be identified with this dye. Because of its sensitivity to carbohydrate fractions (0,1ng/ml), a silver staining is done after the Coommassie brilliant blue (15) using Silver stain kit (Bio-Rad Labaratories).
Glycoprotein detection of the carbohydrate component in the synthesized glycoconjugates. -We have used biotin enzymatic reaction for detection of glycoproteins and visualization was done with streptavidin-alcaline phosphatase. Using dot-blot method, detection of the carbohydrate part of the glycoproteins is done (Immun-Blot Kit for glycoprotein detection, Bio-Rad Laboratories). The samples are immobilized an nitrocellulose membrane (20 mg/ml per sample), the membrane is incubated with biothynilated solution, washed with PBS twice and treated with 5 ml streptavidin alkaline phosphatase.
Determination of present impurity in synthesized glycoconjugates using thin layer chromatography. -TLC is used to detect the impurity from eventually present LPS or free unbound oligosaccharides of O-SP LPS and DeA LPS in the synthesized glycoconjugates through specific coloring with sulfuric acid. The samples in concentration of 50 mg/ml are immobilized on chromatographic plate (TLC silica gel plate 60 F 254 , 20x20 cm), in mobile phase (ethanol/methanol). The plate is sprayed with "CHAR" (sulfuric acid solution) reagent and determination of the carbohydrate is in form of dark spots on the plate.
Bioassays The LPS concentration, assayed by the Limulus amebocyte lysate (LAL) assay done under standard procedure recommended by the kit manual (Bio-Whittaker), is expressed in endotoxin units relative to the US standard (16) .
Results and discussion

Chemical characterization of conjugates
The extents of derivatization of O-SP and DeA-LPS with ADH are shown in Table 1 .
The extent of derivatization of DeA-LPS and O-SP with ADH is very similar (1,14% and 1,33%). The carbohydrate/protein ratio (wt/wt) ranges from 0,67 for O-SP-cBSA to 1,30 for DeA-LPS -CT-B. The yield for all of the conjugates was approximately 80%, as calculated by the recovery of saccharides in the conjugates compared with the derivative polysaccharide. The results obtained from derivatization of oligosaccharides and determination of protein composition of the conjugates, suggested that satisfactory level of conjugation between oligosaccharides and proteins was accomplished. 
Coomassie Brilliant blue staining
After Coomassie staining, the electrophoretic mobility was determinate for the following proteins and glycoproteins: protein carrier CT-B showed molecular weight of approximately 12 kDa, protein molecule of cBSA had 60 kDa, conjugates with protein carrier of cBSA had molecular weight more than 60 kDa, while conjugates with protein CT-B had molecular weight of 12 kDa.
Samples from O-SP, DeA LPS and LPS did not show signal, because of selective staining only of the proteins with Coomassie brilliant blue. The carbohydrates present in the glycoconjugates are decreasing the mobility of the conjugates due to the increasing of molecular weight of 1,5 -2 kDa, which is difficult to detect in respect to unbound cBSA and CT-B.
Silver staining
Using this staining method after the Coomassie stain, except for the bands of ~12 kDa (DeA-LPS -CT-B and O-SP-LPS -CT-B) and ~60 kDa (DeA-LPS -cBSAand O-SP-LPS -cBSA) of the synthesized conjugates, the bands from oligosaccharides and LPS are also detected. O-SP had molecular weight of 6 kDa, DeA LPS of ~8 kDa and LPS of ~13 kDa.
Glycoprotein detection of the carbohydrate component in the synthesized glycoconjugates
Glycoprotein detection of the carbohydrate component in the synthesized glycoconjugates is done using dot-blot immobilization of the samples on nitrocellulose membrane. The samples are applied in duplicates in concentration of 20 mg/ml. Protein carriers CT-B and cBSA are used as negative control, and LPS, O-SP and DeA-LPS as positive control.
Positive signal is detected in all conjugates and in carbohydrate components LPS, O-SP and DeA-LPS ,while protein controls from cBSA and CT-B did not show signal. The positive signal in synthesized glycoconjugates is confirmation of the conjugation between carbohydrate and protein components in the conjugates.
Determination of present impurity in synthesized glycoconjugates
Using TLC and specific "CHAR" reagent, the eventually present impurity from present LPS or free unbound oligosaccharides of O-SP LPS and DeA LPS in the synthesized glycoconjugates is detected. LPS, O-SP-LPS and DeA-LPS are identified on the starting place of application and are not mobile in the used mobile phase. In all conjugates the carbohydrate component is detected, but single bands from LPS, O-SP-LPS and DeA LPS are not present which points to high purity of the synthesized glycoproteins. 
Determination of the concentration of the endotoxins present in the synthesized glycoconjugates
Concentration of bacterial endotoxins is determined in all synthesized conjugates and oligosaccharides. The conjugate DeA-LPS -CT-B had a higher endotoxin level (20 EU/mg). This value is in the rang of the approved concentration for parenteral preparations for human use (16) . Vaccines are the most cost-effective way of preventing and controlling infectious diseases caused by microorganisms. The success of the Hib conjugate vaccine and promising results obtained from clinical trials of meningococcal and pneumococcal vaccines have assured an exciting future for glycoconjugate vaccines. Glycoconjugates can be prepared, using a variety of coupling strategies, from surface carbohydrates such as capsular polysaccharides, lipopolysaccharides from bacteria or synthetic saccharides. Progress will be made in the development of novel vaccines to protect against a wide variety of other human and animal bacterial pathogens based on surface carbohydrates such as capsular polysaccharides, LPS saccharides and less common saccharides.
Conclusions
We have synthesized glycoconjugates composed of carbohydrate component from oligosaccharide specific polysaccharide and deacetyled lipopolysaccharide of Vibrio cholerae 01 serotype Inaba and protein carrier cationic bovine serum albumin and B-subunit of cholera toxin. The synthesized glycoconjugates DeA LPS -CT-B, O-SP-CT-B, DeA LPS -cBSA and O-SP-cBSA have been analyzed with glycoprotein detection method, and conjugation between the carbohydrate and protein part in the glycoconjugates is conferred. The presents of impurity from the free unbound oligosaccharides and lipopolysaccharides in the synthe- DeA-LPS -cBSA 10
DeA-LPS -CT-B 20 Table 2 . Concentration of endotoxins (EU/mg) in the synthesized conjugates sized glycoconjugates were not detected using TLC analysis. Electrophoretic separation and determination of the molecular weight of glycoconjugates was done using SDS-PAGE and two different staining. Concentration of bacterial endotoxins in all synthesized conjugates and oligosaccharides is determined using LAL test. Low level of endotoxin concentration found in all conjugates is proof that synthesized glycoconjugates are safe and can be used for future immunization of experimental animals. The advances in synthetic methodology, coupling technology, introduction of novel carrier proteins and better characterization of conjugate vaccines will permit greater understanding of the mechanisms by which these vaccines induce protective responses and facilitate the rational design of highly immunogenic and protective vaccines.
